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The Chalcolithic–Bronze Age transition in southern 
Iberia under the influence of the 4.2 ka BP event? 
A correlation of climatological and demographic 
proxies
Martin Hinz1 4, Julien Schirrmacher1 2, Jutta Kneisel1 3, 
Christoph Rinne1 3, Mara Weinelt1
The end of the third millennium BCE represents (not only) on the 
Iberian Peninsula the time of transition to the Bronze Age. At the same 
time this is the time of a general climatic event, the so-called 4.2 ka 
BP event, which can be observed (in different manifestations) in dif-
ferent regions of the northern hemisphere. By synchronizing cultural 
and climatic developments and above all by assessing demograph-
ic developments and their spatial development, a much-discussed 
connection between the two phenomena can be made plausible 
and opens the perspective for further, more detailed research on the 
interdependence between cultural, demographic and climatological 
processes. For this purpose, the results of aoristics, 14C sum calibra-
tion and the evaluation of the concentration of long-chain n-alkane 
homologues of terrestrial origin as precipitation predictor are com-
bined, their correlation is presented and possible responses are in-
terpreted from the mapping of the settlement system development. 
This article provides an initial overview of the current results.
Introduction
The turn to the third millennium BCE on the Iberian Peninsula is a 
period of a dynamic development characterized by regional differ-
ences. It is mainly represented by the Copper Age and the transition 
to the Bronze Age.
In the last three decades, the Iberian Copper Age or Chalcolith-
ic (ca. 3200 – 2200 cal BCE) and the transition to the Bronze Age (ca. 
2200 – 900 cal BCE) was probably the most controversial period in 
the discourse on Iberian prehistory (García Sanjuán/Murillo-Barosso 
2013, 119). Key issues were early social stratification and state forma-
tion. The peninsula is indeed a good laboratory for the study of these 
phenomena (Cruz Berrocal et al. 2013, 3).
Research today is dominated above all by the narrative that eco-
nomic activity and social inequality intensified during the Copper 
Age (Gilman 1987; Chapman 1990; Hutado 1997; Sanjuán 1999; Díaz 
del Río 2004), and that these tendencies would have been strong-
ly reinforced in the course of the Early Bronze Age, especially in the 
southeastern area of the peninsula. In contrast, the other regions 
seem to show signs of disintegration and collapse at the time of tran-
sition and thereafter. This observation inevitably raises questions 
about demography and possible migration movements, which are 
currently increasingly discussed on the basis of aDNA analyses (Mar-
tiniano et al. 2017; Günther et al. 2015; Szecsenyi-Nagy et al. 2017; crit-
ical e.g. Linden 2016; Furholt 2017). From an archaeological point of 
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view, this perspective has so far received relatively little critical ap-
preciation (Rivero/Carrasco 2015; Lillios 2015; Lillios et al. 2016; con-
trary e.g. Chapman 2008, 205).
Following a general trend, the climatic changes on the Iberian Pen-
insula in connection with the 4.2 ka BP event have recently been ex-
amined in more detail, from an archaeological (Lillios 1997; Cardoso 
2005; Fabián García et al. 2006; Lillios et al. 2016) and a natural science 
approach (Carrión et al. 2007; Magny et al. 2009; Jalut et al. 2009; Wa-
terman et al. 2016). The former approach often cannot argue with a 
local climate signal, the latter often lacks a connection to cultural-
historical development. In addition, these are often small-scale stud-
ies that can hardly trace an overall development.
In general, human-environment relations have an important role 
in the archaeological interpretation on the Iberian Peninsula, espe-
cially against the background of the in part marginal conditions with 
regard to agricultural potential. However, a stable climatic situation 
was widely assumed (Gilman and Thornes 1985), climate change and 
its relations to cultural changes have hardly been focused on so far, 
perhaps with the exception of the archaeology of the southeast of 
the peninsula. Climatic influences are also partly explicitly rejected 
there (Risch et al. 2015).
The CRC Project
The Collaborative Research Centre (CRC) ’Scales of Transformation: 
Human-Environmental Interaction in Prehistoric and Archaic Societ-
ies’ of the German Research Foundation (DFG) investigates transfor-
mation processes in a key period of human history (15,000 to 1 BCE) 
in a long-term perspective.
Within the framework of the CRC, the subproject F1 ‘Supra-region-
al Crises: Abrupt Climate Change and Responses of (Multi-cultural) 
Ancient Societies in the Western Mediterranean Area and in South-
ern Central Europe around 4200 years BP’ investigates the interde-
pendence between climatic and socio-cultural changes in connec-
tion with the 4.2 ka BP event.
The project aims to unravel complex socio-ecological transforma-
tion processes from a supra-regional and supra-cultural perspective 
and in particular to evaluate the role of abrupt climate changes and 
socio-ecological crises in shaping archaeological transformations. In 
the first phase of this project (2016 – 2020), this will be done on the 
basis of two areas of activity in southern Portugal and south-west-
ern Spain. The temporal focus is on the time between 2700 and 1700 
cal BCE (4650 – 3650 BP) in order to cover the 4.2 ka BP event, but at 
the same time also the preconditions and the consequences of the 
archaeologically tangible change in the material culture and social 
configuration of the societies under consideration.
In the quantitative framework of our approach, scenarios of both 
climatic and social variables are quantitatively reconstructed in re-
lation to the 4.2 ka BP event (i.e. time slices before, during and after 
the event). Time series of climate and population reconstructions will 
be produced on the basis of refined chronologies to assess the tim-
ing and extent of ecological and social changes and to evaluate the 
relationships between them. The magnitude of possible social, cul-
tural and technological/innovative responses to these external con-
straints will be analysed. In the course of the project, archaeological 
variables reflecting transformation processes (indications of chang-
es in material culture, subsistence and settlement patterns and so-
cial organization) are identified that indicate the susceptibility or re-
silience to external disturbances.
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In two work packages, a broad approach is taken to obtain infor-
mation on the role of archaeological and environmental variables. 
Both research areas will compile and process existing data from lit-
erature and regional archives in order to reconstruct scenarios of cli-
mate and social variables.
In the climatological part, climate change in connection with the 
4.2 ka BP event in the western Mediterranean is reconstructed from 
marine archives relevant for the Iberian Peninsula. New high-resolu-
tion time series are created on the basis of multiproxy reconstruc-
tions at key locations, e.g. in the Alboran Sea. In this way, the extent 
and speed of the hydroclimatic, temperature-related and seasonal 
changes in connection with the 4.2 ka BP event can be quantitatively 
assessed. The precipitation estimates are derived from the n-alkane 
concentrations of the plant waxes. Since plant waxes are mainly in-
troduced into the marine sediments via river systems and/or wind 
transport, the data on the catchment area of the river systems inte-
grate and thus reconstruct the regional rather than the local climate.
The archaeological work package will examine the patterns of ar-
chaeological changes associated with the 4.2 ka BP event in the west-
ern Mediterranean and identify its possible links with Central Europe 
with the aim of quantitatively evaluating the intensity and extent of 
the transformations from the archaeological record. Information on 
settlements, architecture, material culture and archaeological data 
on the environment and subsistence is collected and evaluated. 
These allow in particular quantitative proxy reconstructions for set-
tlement patterns, continuity, population density and other derived 
variables such as the stability of a society, integration into exchange 
networks and changes in material culture at the regional level.
In the following we would like to present some first results of our 
work. Here we limit ourselves to the evaluation of supra-regionally 
available indicators. Aspects such as cultural changes based on ma-
terial culture and individual site biographies also play a non-subor-
dinate role in the project. These detailed studies will be presented 
elsewhere.
Presentation of the working area
In the first phase of the project underlying this contribution, on 
the study of human-environmental relations and the assessment 
of the climatic influence on socio-cultural development, the work 
focuses on two areas 1: southern Portugal including the Spanish bor-
derland (catchment of River Tejo and Guardiana) and south-western 
Spain (catchment of River Guadalquivir). These two areas were se-
lected because they have different trajectories from an archaeologi-
cal point of view, and because they represent the catchment areas of 
the Guadiana and Guadalquivir river systems from a climatological 
perspective, for which the rainfall development is to be reconstruct-
ed with the help of plant waxes (n-alkanes).
Today, the Mediterranean coastal regions are characterised by a dry 
to semi-arid climate, with some regions receiving less than 200 mm 
of precipitation per year (Lionello et al. 2006). The border areas of the 
Mediterranean, including the southern Iberian Peninsula, are there-
fore vulnerable to desertification and drought, and the climate has 
a strong impact on local society and economies. This is particularly 
true since the environment and the way of farming depend heavi-
ly on winter precipitation (Lionello et al. 2006). In general, the cli-
mate zones of the middle and late Holocene (from the 6th century 
BCE) in the Mediterranean region show a tendency towards gradu-
al warming that is more pronounced in southwestern Europe than in 
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southeastern Europe (Davis et al. 2003), while the Atlantic region of 
medium latitude, including the Iberian margin, has an opposite trend.
Long-term Holocene tendencies were interrupted by short 
drought episodes (Finné et al. 2011). During the Holocene these epi-
sodes changed in frequency and character (Fletcher et al. 2007). The 
more serious of these episodes, including the 4.2 ka BP event, are 
probably related to the Bond cycles in the North Atlantic (e.g. Bond 
et al. 1997; Bond et al. 2001; Marino et al. 2009) and are therefore con-
sidered to be driven and/or modulated by large-scale oceanic and 
atmospheric circulation changes. According to the current state of 
climate research, however, the bond cycles themselves are proba-
bly not the actual, hitherto unknown trigger of the climatic shifts, 
more likely are changes in solar activity in connection with changes 
in atmospheric circulation and volcanic activities affecting a complex 
chaotic system (e.g. Ruan et al. 2016; Wanner et al. 2008).
The 4.2 ka BP event
The so-called 4.2 ka BP event represents an aridification event that 
probably lasted the entire 22nd century BCE (or longer) (Magny et al. 
2009; Ruan et al. 2016). This climate event marks the transition from 
the middle to the late Holocene and in many regions of the northern 
hemisphere also the beginning of almost modern (pre-industrial) cli-
mate and environmental conditions (Walker et al. 2012). It is often cit-
ed as an analogue of current socio-ecological change under rapid 
global warming (e.g. deMenocal 2001; Booth et al. 2004; Riehl 2008), 
which poses a threat to social, economic and environmental stabili-
ty, and as a predictor for aggravating the existing problems of pover-
ty, conflict, health and escalating food and water shortages in crises 
(IPCC 2013). The 4.2 ka BP event at the transition from the middle to 
the late Holocene affected the climatic stability of the entire north-
ern hemisphere.
The widespread accompaniment of major social upheavals and 
abrupt climate changes in geographically and culturally distant re-
gions makes it plausible that the regional developments of the 4.2 ka 
BP event are linked and reinforced by complex socio-ecological pro-
cesses, including large-scale climate processes, social responses to 
changing environmental conditions and internal social and intercul-
tural processes. On the other hand, the emergence of early Bronze 
Age cultures throughout Europe can point to resistance strategies 
 
  
   
 
working areas
sites with 14C dates
sites with detailed record500 km0
Fig. 1. Map of the working areas.
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that enable transformation into new cultural phenomena and lay the 
foundations for later developments.
The abrupt onset of drought is considered to be one of the main 
causes of or at least in favour of widespread social instability in the 
monsoon area. The synchronicity of regionally related drought 
events is well limited at 4.1 – 4.2 ka BP. The effects affect large areas in 
Asia (e.g. the Indus region, Staubwasser et al. 2003) and Central Chi-
na (Wenxiang/Tungsheng 2004), Mesopotamia and North Africa (e.g. 
deMenocal et al. 2000; Welc/Marks 2014; Ruan et al. 2016; Kaniews-
ki et al. 2017). Recent high-resolution reconstructions using marine 
deuterium recordings (Tierney/deMenocal 2013) and high-resolu-
tion terrestrial reconstructions of speleothems, paleo-river valleys 
and sea levels have further narrowed the extent and magnitude of 
the dramatic monsoon failure (Dixit et al. 2014), leading to massive 
changes in the precipitation rate (z.B. Bar-Matthews et al. 1997; Gup-
ta et al. 2003).
In the eastern Mediterranean and the Middle East, the 4.2 ka BP 
event manifests itself as an episode of barely 300 years (22nd to 19th 
century BCE; e.g. Weiss 2013), after a general, long-term shift from 
humid to drier conditions (Rohling/De Rijk 1999).
Unfortunately, the available climate data sets of the middle and 
late Holocene in the western Mediterranean mostly lack the multi-
decadic resolution that is necessary to document a short episode of 
several hundred years in detail (Weinelt et al. 2015). Some speleo-
them data records (eg. Cruz et al. 2015) are exceptions. Accordingly, 
reconstructed patterns based on different proxies are still fragmen-
tary and need to be revised to examine the potential extent of a su-
pra-regional drought period in the western Mediterranean.
On the south-eastern Iberian peninsula and in the Mediterrane-
an region of France, where pollen/terrestrial climate data are mainly 
available from the mountain ranges, an irreversible change in vege-
tation dates back to about 4.0 – 4.2 ka BP (e.g. Brisset et al. 2013; Car-
rión et al. 2003). On the south-eastern Iberian peninsula, from 4.2 ka 
BP an increase in fire events (Jalut et al. 2000; 2009; López-Sáez et 
al. 2014) accompanied the vegetation changes (Carrión et al. 2003). 
These changes were probably a consequence of the intensification of 
agriculture and/or the climate, whereby the climatological explana-
tion is the more likely one (Burjachs/Expósito 2015). Dust layers of Sa-
hara origin are described in the records of the Central Italian lakes and 
indicate prevailing southern wind directions at 4.2 ka BP (Magri/Parra 
2002). In contrast to these indications of hotter and drier conditions, 
some marine records based on biomarker proxies suggest a cooling 
during the 4.2 ka BP event in the Alboran Sea (Cacho et al. 2001).
Climate patterns and socio-ecological implications of the 4.2 ka 
BP event are well researched in the eastern Mediterranean and the 
Middle East, especially in the area of written sources, which testify to 
a series of declines in early thriving and fast-growing societies that 
lead to ‘collapses’ under the influence of severe drought. By contrast, 
little is known about the impact and possible effects of this event on 
societies in the western Mediterranean and possible long-term ef-
fects on central Europe. Its role in the Late Neolithic/Chalcolithic and 
Early Bronze Age transformations at the transition to the Late Middle 
Holocene (Late Atlantic) is still to be explored.
Archaeological transformations
In the western Mediterranean and Central Europe in general, 
a broad transition horizon from the Neolithic/Chalcolithic to the 
Bronze Age can be observed, which is reflected in an overwhelming 
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amount of literature on the strong regional cultural changes that 
characterize this period (e.g. the bell beaker phenomenon). This tran-
sition is most often dated around 4.2 ka BP and indicates widespread 
and (within the dating accuracy) synchronous upheavals, so that a 
common trigger and mutual influences appear likely. However, de-
spite striking convergence and coincidences, social change in West-
ern and Central Europe has so far hardly been viewed from the per-
spective of a socio-ecological crisis on a supra-regional scale.
In the Mediterranean region in France (Cauliez 2015), but also on 
the Greek mainland discontinuities and hiatuses are reported (Andel 
et al. 1990, fig. 10; Maran 1998). They give the impression that in large 
parts of Southern Europe with a formerly continuous development 
of several centuries settlements were abandoned towards the end of 
the 3rd millennium BCE.
On the Iberian Peninsula there is a significant transition working at 
different levels in temporal relation to the 4.2 ka BP event: the disap-
pearance of the Chalcolithic and the emergence of new cultural units 
of the Early Bronze Age, changes in regional population, changes in 
settlement structures and patterns, in demography, in material cul-
ture, in subsistence and resource management, and in changes in so-
cial practices. This transition marks a period of increasing social com-
plexity on the way to the development and hierarchisation of Bronze 
Age societies (Chapman 1982; Chapman 1990; Lull et al. 2014; Enrich/
Mejías 2017, 1933).
Although the respective natural conditions and cultural develop-
ment can be very different locally, the Copper Age Iberian Peninsu-
la can be roughly divided into two zones. In the north the human 
activities resulted in a significantly lower archaeological evidence 
and must therefore also be considered as less well investigated (On-
tañón 2013, 207). The (semi-permanent) settlements, which are scat-
tered mainly in flat areas, reach an extent of up to 1 – 2 ha, an amount 
that will not be reached again until Roman times. These are mainly 
found in the form of ‘pit fields’ (campos de hoyos), which are gener-
ally the most common form of settlement on the Iberian peninsula 
until the Bronze Age (Lull et al. 2013, 605). Livestock seems to domi-
nate economically (Ontañón 2013, 212). There are some signs of su-
pra-regional contacts, and the burial tradition suggests abandoning 
the existing megalithic tradition. A few small enclosures as ritual plac-
es complete the picture (Parcero et al. 2013, 244 – 255). Copper mines 
such as Picos de Europa (El Milagro in Asturias) are unique due to 
their size and complexity (Lull et al. 2013).
This picture does not change fundamentally in the transition to the 
Bronze Age, even if the archaeological evidence is even more scarce. 
Settlement evidence remains rare and can be found in zones similar 
to those of the Chalcolithic. Furthermore, a temporary or seasonal 
use of the sites by a few (dozen) persons seems to predominate. The 
finds indicate a broad spectrum of economic activities and a high 
degree of self-sufficiency. Economically, agriculture seems to gain in 
importance, which is also indicated by an increase in storage capac-
ity (Lull et al. 2013, 605). On the other hand, a certain shift of the set-
tlement areas to higher areas suggests a focus on cattle breeding, 
which may result in a diversified farming method (Valcarce/Priego 
1994, 148; Bettencourt et al. 2007, 152 – 153). The burials remain in the 
Chalcolithic tradition and show a great variety, whereby individual 
burials are more prominent (Lull et al. 2013, 606 – 607).
The southern Iberian Peninsula, on the other hand, has been a hot-
spot of archaeological research for decades, due to its partly perma-
nent character and the good preservation conditions for settlement 
structures and the rich funeral archaeology. In particular, the inves-
tigation of early complexity and the hypothesis of the emergence 
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of a state based on archaeological finds in the course of the Chal-
colithic and the Early Bronze Age El Argar phenomenon (Chapman 
1990; 2008; Nocete et al. 2010; Lull et al. 2011; 2013) have caused a 
completely different kind of archaeological activity here. To what ex-
tent such an interpretation is justified, however, remains controver-
sial (Gilman 2001; Bartelheim 2012; García Sanjuán/Murillo-Barosso 
2013).
In general, a significant increase in settlement evidence in areas 
with good agricultural conditions can be observed in this region dur-
ing the Copper Age. This applies on the one hand to the unfortified 
settlements, but especially to the emergence of extraordinarily large 
fortifications such as Zambujal, Los Millares or Valencina de la Con-
ception, which are connected with metal objects, beakers and the 
depositing of the deceased in extra-mural megalithic tombs (Chap-
man 2008, 201 – 202).
Direct evidence of agricultural production shows the use of cere-
als, legumes and wild plants and predominantly domesticated an-
imals (mainly cattle and sheep/goats). The knowledge of the water 
and nutritional needs of the exploited plant and animal species sug-
gests that agricultural production was stable within the relatively 
marginal environment. A system of dry agriculture with fallow pe-
riods and stubble grazing, coupled with the cultivation of legumes 
along watercourses in valley bottoms, can be considered realistic 
(Chapman 2008, 201 – 202).
In the first half of the third millennium a continuous process of 
social expansion took place. However, around 2200 cal BCE, taking 
into account regional diversity, there were significant discontinui-
ties which either intensified some of the previous trends or slowed 
or interrupted them. In any case, new forms of social organization 
emerged, which according to traditional chronology are usually at-
tributed to the Early Bronze Age (2200 – 1600 cal BCE) (García San-
juán/Murillo-Barosso 2013, 120).
With the transition to the Bronze Age, different trajectories be-
came apparent within the southern region. In some parts elements 
of the bell beaker phenomenon are at least partially and temporar-
ily continued, in others (especially in the southeast) there is a clear 
break with them (Lull et al. 2013). Especially in the domain of settle-
ment structures, however, a clear change is generally perceptible, 
which is accompanied by the abandonment of collective burial cus-
toms and possibly associated with the emergence of a new symbolic 
system (Senna-Martinez 2014).
In the southwest there is a widespread abandonment of settle-
ments and discontinuity. Where stratigraphic continuity is evident, 
there is a clear change in the archaeological remains within a com-
plex (Rivero/Carrasco 2015). The settlement system is now more dis-
persed, concentrations are found in artificially terraced settlements 
in higher, more defensible locations and further away from cultiva-
ble soils (Chapman 2008, 244). The settlement tradition is also be-
ing discontinued in the south-east, but in a different way. The rapid 
spread of Early Bronze Age cultures on the southeastern Iberian Pen-
insula seems to be accompanied by a demographic growth (Lull et 
al. 2011; Risch et al. 2015), as predicted from regional land use recon-
structions (Lullet al. 2011) and supported by estimations of grain pro-
duction (Delgardo-Raack/Risch 2015). New settlements are emerg-
ing even more prominently than in the west in well-protected and 
inaccessible locations, either on steep slopes, or on elevated plains 
with steep cliffs, such as the eponymous settlement El Argar (Chap-
man 2008, 205; Risch et al. 2015). This is accompanied by signs of a 
strongly stratifying society with control over resources and food pro-
duction (Chapman 2008, 210; Lull et al. 2011). The standard model 
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here is a ‘vertical’ production system (Lull et al. 2011, 390 – 398), in 
which the raw materials were exclusively collected and further pro-
cessed in the controlling, fortified hilltop settlements. A barley mon-
oculture seems to have developed (Chapman 2008, 205; Delgardo-
Raack/Risch 2015, 27), which is cautiously related to drought (Stika 
1988; 2001; for late El Argar Lull et al. 2013). In the west as well as in 
the east the burial tradition is changing to individual (or double) bur-
ials, even though the choice of grave goods shows a certain continui-
ty. In the west, extramural burials are more common (Chapman 2008, 
245; Lull et al. 2013, 607), in the east, however, burials typically take 
place within the houses (Risch et al. 2015, 386). Also in the catchment 
area of the Guadalquivir there are clear indications of settlement dis-
continuities, where the Chalcolithic settlements at the lower reach-
es are abandoned and settlement activity shifts to the upper ones. 
Here archaeozoological findings from the long-term populated Úbe-
da site also point to a shift in domestic animal husbandry towards 
sheep/goats, indicating changes in subsistence strategies (Nocete et 
al. 2010). Not least, climatic influences and the resulting population 
shifts are also taken into account for these changes (Cardoso 2005).
Widespread settlement discontinuities are also evident in Portu-
gal, where about 4200 years BP the ditch and wall enclosures that 
characterise the Late Neolithic/Chalcolithic were largely abandoned 
in the south and survived only sporadically in the north (Valera 2015, 
417). The partly monumental and fortified Chalcolithic settlements 
are abandoned, leaving smaller settlements in the lowlands without 
any monumentality, which are preserved in the form of ’pit fields’ 
and as ’negative structures’. Monumentality is also disappearing in 
relation to funeral architecture, in ceramics the proportion of closed 
forms is increasing, and the previously blade-based lithic industry is 
now becoming a flaking industry. The iconographically rich symbolic 
world of the Chalcolithic disappears completely, so that this change 
is referred to as an iconoclasm (Valera 2015, 418). These significant 
cultural and settlement changes were apparently accompanied by 
major demographic changes: a continuous population growth is as-
sumed for the Chalcolithic, but this process abruptly breaks off with 
the transition to the 2nd millennium cal BCE (Valera 2015, 422).
Materials and Methods
Data acquisition and proxy development
In the following, two data sources for recording the change in set-
tlement intensity at different scaling levels are presented: aoristics 
and evaluation of sum-calibrated 14C data. The results of these inde-
pendent data sources both complement and confirm each other, as 
far as their data basis overlaps spatially. For a more in-depth discus-
sion of the methodology of sum calibration (Hinz et al. 2012; Shen-
nan et al. 2013; critical e.g. Williams 2012; Contreras/Meadows 2014) 
and aoristics (Ratcliffe 2000; Mischka 2004; Crema 2012; Kolář et al. 
2016; Palmisano et al. 2017) we refer to the relevant literature and 
two methodological contributions from the project, which are cur-
rently in progress (aoristics: Hinz and Müller-Scheeßel, n.d.; sum cal-
ibration: Hinz, n.d.).
Aoristic is a method that was originally used to investigate crimes 
(Ratcliffe 2000). As with these, the exact (absolute) dating is often un-
known, but can be limited to a phase of a certain duration by mar-
ginal information, indicating the start and end of the period with-
in which the event must have taken place. By means of aoristics, the 
probability that the event took place (100 %) is distributed over this 
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time interval in such a way that each temporal subunit (e.g. one year) 
receives the total probability divided by the number of subunits.
If there are several objects belonging to such events, describing 
the same facts (e.g. several settlements indicate the settlement den-
sity), the respective probabilities are summed up for each temporal 
subunit, and in this special case an expectation value is obtained, 
which describes how many simultaneous settlements most likely ex-
isted. A disadvantage of this method is that no uncertainty range can 
be given. Derived Monte Carlo-based methods (Crema 2012; Kolář et 
al. 2016) make this possible in a certain sense, although they can also 
quantify only the internal, not the external, uncertainty. For this rea-
son, the original procedure was used here, as it is much simpler and 
more comprehensible.
Summed 14C data from archaeological contexts are increasingly 
used to reveal changes in population density and/or human activ-
ities in the broader sense. This approach has now been applied in 
a large number of studies on different temporal settings (e.g. Hinz 
et al. 2012; Shennan et al. 2013; Whitehouse et al. 2014; Weinelt et 
al. 2015; Lillios et al. 2016 to name just a few recent examples). Ad-
mittedly, there are a number of problems associated with this ap-
proach, such as: the ambiguity of the archaeological contexts of dat-
ed materials, the uneven distribution of sampling in space and time, 
possible differences between burial and settlement contexts, sensi-
tivity to differential preservation and selective material loss and, per-
haps most importantly, its dependence on regional and temporal re-
search intensity (critical voices for example Williams 2012; Contreras/
Meadows 2014, both with further literature). A desirable random dis-
tribution is per se unattainable and accordingly the underlying data-
base is inevitably distorted.
These uncertainties require careful verification and filtering of the 
data sets, including merging the data per site (i.e. each site then con-
tributes with the weight of 1 to the final sum calibration, regardless 
of the number of 14C samples taken) and cross-checking with inde-
pendent quantitative population data. The main advantage of the 
approach is clearly the constantly increasing availability and quality 
of archaeological 14C data and the statistical robustness of large data 
sets, the resulting absolute chronologies and the continuity of the 
data sets, with each individual sample representing a three-dimen-
sional variable in space and time.
Furthermore, the inherent independence of this proxy from region-
al archaeological circumstances (e.g. chronology systems) allows the 
comparison of regional patterns for different cultural units over long 
distances and the synchronisation of these patterns with reconstruc-
tions of environmental changes. It is therefore particularly suitable for 
investigating transitions in the archaeological remains and in past so-
cial-ecological developments at regional to supra-regional level.
Aoristics
The basis for the aoristic analysis consists of 4084 sites with Neo-
lithic, Chalcolithic and/or Bronze Age date from southern Portugal 
(Algarve, Alentejo and Lisbon). Of these sites taken from the ‘Portal 
do Arqueólogo’ of the ‘Direção Geral do Património Cultural’, 1437 
sites remained for evaluation after filtering, as exclusively settlement 
sites were chosen in order to ensure comparability.
The temporal resolution of the data, which was taken directly from 
the database, is relatively low: Neolithic, Chalcolithic and Bronze Age 
each break down into three phases, thus adding up to nine phases 
altogether.
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Sum calibration
For the southeastern Iberian Peninsula, it is certainly true that a 
strong focus on the El Argar phenomenon distorts the data basis. 
However, given the scale of this study over several hundred years, 
such distortion is of secondary importance. Spatially, the scope 
was extended beyond the work area, since at the time of the analy-
sis (summer 2017) the data basis for the work areas themselves was 
too small for statistically significant results to be achievable. There-
fore, all data in the databases RADON and RADON B (Hinz et al. 2012; 
Kneisel et al. 2013) of relevant time settings available for the Iberi-
an Peninsula were included. At the same time, however, the analysis 
was limited to sites with settlement character, again with the prem-
ise that distortions due to time-dependent deposition and detection 
probabilities can be largely avoided in this site category (Hinz et al. 
2012, 3332). Thus, 1895 14C dates of 302 settlement sites remained to 
be included in the sum calibration. Each site was given a weight of 
1 to compensate for different dating frequencies at individual sites.
The software package oxcAAR (Hinz et al. 2018) for the statistical 
environment R (R Core Team 2017) was used for the actual calibra-
tion of the sums. This enables the utilization of the calibration pro-
gram OxCal (Ramsey 2009), which is widely used in archaeology as 
a quasi-standard, in conjunction with the automation and program-
ming possibilities offered by R which are indispensable for checking 
the statistical significance of the sum-calibrated results. The software 
package oxcAAR is open source and can be downloaded for free.
To check the significance of the result, a Monte Carlo-based simu-
lation approach was chosen. Unlike comparable studies, we assume 
an equal distribution of 14C data as a null model, not an estimation 
of a general trend based on a generalized linear model (e.g. Shen-
nan et al. 2013; Lillios et al. 2016). The reason is that we look for signif-
icant local variations within a given time window and not, as there, 
for significant over- or underruns of a population growth assumed as 
given. Within a time window, the same number of 14C data as in the 
actual data set was uniformly distributed, this simulation was repeat-
ed 1000 times and the 95 % interval of random effects was extract-
ed from this. Where the curve of the real data leaves the envelope of 
the simulation (in the figure these areas are highlighted in red), with 
5 % error probability the observed effect (over- or undershot) is not 
random or induced by the calibration curve, and the interpretation 
as event of interest can then be regarded as robust.
Climatological examinations
Methodology
The climate reconstruction is based on the marine sediment core 
ODP-161 – 976A from the Alboran Sea (36°12.32’ N; 4°18.76’ W; 1108 m 
water depth). The age model of this sediment core is taken from a 
published source (Jiménez‐Amat Patricia/Zahn Rainer 2015). The 
sediment core was sampled in the range of 103 cm to 145 cm depth 
in 0.5 cm resolution. The samples had already been freeze-dried and 
for the organic-geochemical analysis initially mortared to a homoge-
neous sediment powder. The lipids were then extracted at 100 bar 
pressure and 100°C using an accelerated solvent extractor (ASE-200, 
Dionex). A solution mixture consisting of dichloromethane (DCM) 
and methanol (MeOH) in a ratio of 9:1 v/v was used. After extraction, 
the samples were desulfurized with activated copper chips for 30 
minutes. The neutral fraction (using hexane) was separated from the 
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desulfurized samples by liquid chromatography with activated sili-
ca gel (pretreated for 4 hours at 450°C). The neutral fraction contain-
ing the n-alkanes was also passed through a liquid chromatograph-
ic column of silver nitrate treated silica gel to separate aromatics and 
unsaturated fatty acids to purify the n-alkane fraction. The samples 
were then left for homogenization at room temperature for about 
24 hours.
Subsequently, the n-alkanes were measured with a gas chromato-
graph (GC) at the Christian-Albrechts-University in Kiel. An Agilent 
6890N GC equipped with a flame ionization detector and a Restek 
XTI-5 capillary column (30 m × 320 µm × 0.25 µm) was used. The n-
alkanes were identified and quantified using a standard mixture of 
n-alkanes of known chain length and concentration. The retention 
time was used as the basis for identification and the peak areas of the 
respective components were integrated for quantification.
Proxy
In the context of this publication we unfortunately cannot go into 
details of the climatological proxies. Details can be found elsewhere 
(Schirrmacher et al. 2019). In short: The concentration of long-chain 
n-alkane homologues of terrestrial origin is taken as a precipitation 
proxy. Since the concentration of these n-alkanes in marine sedi-
ments is strongly dependent on the river flow, low concentrations 
are interpreted as low river flow or dry phase. The data are present-
ed here in a roughly simplified form to avoid pre-empting a sepa-
rate publication. In the raw data, several phases of relatively stable 
conditions – delimited by rapid changes – were identified. These 
are roughly represented here. Small values represent a low n-alkane 
concentration in the raw data and are therefore indicative for dry cli-
matic conditions.
Results
Aoristics
If we consider the result of the aoristic sum for work area (Fig. 2), it 
becomes clear that a relatively well represented Neolithic phase is 
followed by a further significant increase in settlement activity in the 
Chalcolithic. In the transition to the Bronze Age, an abrupt decline in 
settlement intensity becomes apparent. Only in the late Bronze Age 
a slight recovery phase can be derived.
The changes in the spatial structure become apparent when the 
settlements of the individual phases are mapped. In the Neolith-
ic (Fig. 3) three intensive settlement clusters are recognizable: in the 
western Algarve, as well as two clusters in the Evora region, of which 
the western one concentrates west of today’s city Evora, the eastern 
one in the concelho Reguengos de Monsaraz.
This concentration intensifies during the course of the Chalcolith-
ic, where the Algarve region is clearly less represented, and an even 
stronger clustering in Evora becomes apparent.
With the transition to the Bronze Age, the settlement of the Evo-
ra region largely ceased, and there are hardly any Bronze Age settle-
ment sites preserved here. Rather, the region southeast of Beja and 
again the Algarve are more prominent now, but above all because 
the northern regions are disappearing. Overall, the settlement is sig-
nificantly thinner (as can already be seen from the aoristic sum) and 
more dispersed than in previous periods.
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Fig. 3. Map of the aoristic evidence from 
the Neolithic settlement sites of south-
ern Portugal.
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Fig. 2. The aoristic sum of the 1437 settle-
ment sites within southern Portugal.
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Fig. 5. Map of the aoristic evidence from 
the Bronze Age settlement sites of south-
ern Portugal.
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Sum calibration
Figure 6 shows the result of the sum calibration for the entire Ibe-
rian Peninsula. While the Neolithic represents a more or less con-
stant plateau, the settlement intensity documented by the 14C data 
increases significantly by 3000 cal BCE in the transition to the Chal-
colithic. If the probability values of the sum calibration are taken 
Fig. 4. Map of the aoristic evidence from 
the Chalcolithic settlement sites of 
southern Portugal.
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Fig. 6. Sum calibration of 1895 14C dates 
(from 302 settlement sites) of the whole 
Iberian Peninsula.
literally (which, however, is risky due to the possible distortions 
caused by research), the population density would have quadru-
pled. Shortly after 2500 cal BCE, and thus after the maximum of the 
curve, a decrease in intensity is again apparent, which forms a mini-
mum between 2300 – 2100 cal BC. Shortly after the beginning of the 
Early Bronze Age, the curve rises again, in contrast to the (aoristic) 
observation of the southern Portuguese area. This difference is cer-
tainly due to different trajectories in the individual southern Iberian 
regions, as they are already apparent in Lillios et al. (2016), and as 
they will be described in detail in a later study (Schirrmacher et al. 
submitted).
The result of the significance analysis shows on the one hand 
(Fig. 7) that the Chalcolithic and parts of the (early) Bronze Age are 
significantly overrepresented within the time window between 4000 
and 500 cal BCE, and that on the other hand (Fig. 8) within the pla-
teau between 2900 and 1600 cal BCE the decrease at 2200 cal BCE 
represents a significant anomaly.
Overall, it can be stated here that around the canonical date of the 
4.2 ka BP event (~2200 cal BCE) a minimum of settlement activity can 
be determined.
Climatology
For the detailed evaluation of the climatological investigations 
and their results, the reader must be referred to another publica-
tion (Schirrmacher et al. 2019). Very briefly summarized, the corre-
sponding analyses result in the following picture: In general, accord-
ing to the proxy used, the climate between 2800 and 1100 cal BCE 
is rather stable and relatively humid. The precipitation reconstruc-
tion shows two rapidly occurring, pronounced dryness phases from 
2350 to 2200 cal BCE (4.3 – 4.15 ka BP) and from 2100 to 2000 cal BCE 
(4.05 – 3.95 ka BP), standing out from this background. These two dry 
phases are interrupted by a return to more humid conditions.
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Fig. 8. Significance test for the sum cal-
ibration within the time window of 
2900 – 1600 cal BCE. Null hypothesis is 
a uniform distribution of site evidence 
within this time frame. Number of dates 
for this time window: 969 dates from 176 
sites.
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Fig. 7. Significance test for the sum cal-
ibration within the time window of 
4000 – 500 cal BCE. Null hypothesis is a 
uniform distribution of site evidence 
within this time frame. Number of dates 
for this time window: 1394 dates from 
254 sites.
0e+00
2e−04
4e−04
6e−04
−3000 −2500 −2000 −1500
dates
pr
ob
ab
ili
tie
s
JNA
M
ar
tin
 H
in
z,
 Ju
lie
n 
Sc
hi
rr
m
ac
he
r, 
Ju
tt
a 
Kn
ei
se
l, 
Ch
ris
to
ph
 R
in
ne
, M
ar
a 
W
ei
ne
lt
Th
e 
Ch
al
co
lit
hi
c–
Br
on
ze
 A
ge
 tr
an
si
tio
n 
in
 so
ut
he
rn
 Ib
er
ia
 u
nd
er
 th
e 
in
flu
en
ce
 o
f t
he
 4
.2
 k
a 
BP
 e
ve
nt
? 
 A
 co
rr
el
at
io
n 
of
 c
lim
at
ol
og
ic
al
 a
nd
 d
em
og
ra
ph
ic
 p
ro
xi
es
6 
D
ec
em
be
r 2
01
9
w
w
w
.j-
n-
a.
or
g
16
Discussion
Climate linkage and correlation
By comparing regional and supra-regional proxies for popula-
tion development with local climate change around the period of 
the 4.2 ka BP event, new insights and interpretations of the inter-
relationship of the two developments can be formulated. With re-
gard to the overall development between 4000 and 500 cal BCE, 
it can be stated that the Chalcolithic period is clearly overrepre-
sented compared to an equal distribution of settlement and thus 
population evidence. This also applies to some parts of the (Early) 
Bronze Age, which are certainly due to the expansion of the El Ar-
gar phenomenon. The Copper Age on the Iberian Peninsula certain-
ly represents a heyday in settlement terms, even if this is not always 
easy to grasp in individual cases due to the specific type of occupa-
tion and the resulting preservation conditions. Only in the synopsis 
does this development become clear.
Fig. 9. Sum calibration of the settlement 
sites of the whole Iberian Peninsula, de-
tail (see Fig. 6), with periods of drought.
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Within these Chalcolithic and Early Bronze Age expansion and cli-
max phases, the decline in the period between roughly 2500 and 2100 
cal BCE represents a significant decrease, which culminates in a signif-
icantly under-represented settlement frequency between 2300 and 
2100 cal BCE. From approx. 2000 cal BCE we can see a gradual recovery 
of settlement intensity, which, however, remains significantly below 
that of the Copper Age. A partial explanation may be an increased con-
centration of the settlement structure, since our method essentially 
analyses the number of settlements over time and is therefore ‘blind’ 
to differences in the size of individual settlements and their tempo-
ral dynamics. However, if we look at the results of aoristics (based on 
the same measure), it becomes apparent that, at least in individual re-
gions, there are clear tendencies towards decentralisation that prevent 
such an explanatory approach from being generally valid.
If we parallelize the climatic and the derived demographic devel-
opment (Fig. 9) and take into account the smoothing effects of the 
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14C proxy, it becomes clear that the second decline in settlement in-
tensity can well be associated with the first drought phase in con-
nection with a two-part and ‘prolonged’ 4.2 ka BP event. In reality, 
a lag of forcing and effect is very likely, but due to the mentioned 
smoothing effect and the general temporal uncertainty, this is not 
apparent here. The minimum in the 14C cumulative curve touches 
the margins of the second dryness phase, but is itself in the range of 
returning to more humid conditions. The described synchronism be-
comes even clearer if one compares the curve of the climatic signal 
directly with the 14C sum curves and takes into account the regionally 
different characteristic of the dynamics. For reasons of publication 
policy (the climatological studies within our project take place with-
in the framework of a natural scientific dissertation), however, refer-
ence must unfortunately be made to a later paper for such a detailed 
presentation. However, the figure shown here and the data present-
ed already indicate that there are good reasons to postulate a con-
nection between the drought events and the decrease in settlement 
evidence. The fact that the first decline in settlement intensity can-
not be linked to a climatic signal is a reminder that socio-economic 
changes cannot and must not always be attributed to external fac-
tors, but may very well be the result of internal, more difficult to iden-
tify or unknown factors.
Spatial shift
As the aoristics have shown, very different trends can be seen in 
the different regions of the Iberian Peninsula, as they have already 
been shown elsewhere (Lillios et al. 2016). If we concentrate on the 
southern region, there is a very clear decline in the south-west in 
connection with the first drought phase, which is equivalent to the 
interruption of settlement activity, and in which the settlement indi-
cators remain at a very low level in the Early Bronze Age. In the An-
dalusian region there has also been a significant decline, but there 
has been a strong recovery during the return to more humid condi-
tions, which continues into the Early Bronze Age and only decreas-
es to a level equal to that of the settlement minimum during the first 
drought phase with the advent of the El Argar phenomenon. The 
second drought phase does not appear to have a significant effect 
here. The south-eastern region is quite different: the first drought 
phase does not seem to have a significant influence here, but rath-
er a decline in the course of the more humid intermediate phase and 
the second drought phase can be derived, which leads to a boom af-
ter the drier conditions have eased, which can be associated with the 
El-Argar expansion of the Early Bronze Age.
For the reasons mentioned, no raw data of these trends can be pre-
sented here, but from the mappings of the 14C based settlement evi-
dence the alluded shifts can be derived (Fig. 10).
Overall, a general shift in settlement activity from the Copper Age 
to the Early Bronze Age from the west to the east can be observed, 
which can be linked to climatic developments, their effects on agri-
cultural conditions and the associated evasion and adaptation strat-
egies via intermediate stages. At the end of the development is the El 
Argar phenomenon, within which people were able to create a flour-
ishing and expanding socio-economical complex in the economical-
ly non-optimal areas of south-eastern Spain by means of adapted 
and (not least on drought) optimized farming methods. It is precise-
ly these regions, namely Almeria and Murcia, which today are among 
the driest in Europe and one of the most mountainous on the pen-
insula.
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Fig. 10. The 14C evidence of the Iberian 
Peninsula between 2800 and 1600 cal 
BCE  in 200 years time slices: The trans-
parency of the sites represents proba-
bility from the 14C data, the shading and 
contour lines represent density of sites.
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Conclusions and Outlook
As has been shown, the transition from the Chalcolithic to the Early 
Bronze Age on the southern Iberian Peninsula, which primarily repre-
sents a cultural and technical innovation, is taking place in the course 
of a demographic transformation and is accompanied by a climatic 
development in which two rapidly occurring, pronounced periods 
of drought are likely to have influenced the environmental condi-
tions and thus also the economic basis of the societies in this region. 
The aim of the project presented here is, and will continue to be, to 
establish the connection between these different levels. A first step 
in this direction is to determine to what extent these developments 
can actually be parallelized. According to the available results, this 
seems very well possible.
The next step will be to ask whether causal relationships can also 
be established here, and how the mechanisms of change present 
themselves in detail. We were able to show that the drought phas-
es can be linked not only in general to the overall dynamics of popu-
lation development on the southern Iberian peninsula, but that spa-
tial shifts of population centres are also connected with the drought 
phases. This makes a causal relationship beyond a mere correlation 
likely. In the first drought phase, for example, the result appears to 
have been the abandonment of areas that were no longer economi-
cally viable, while the second phase may have necessitated new ad-
aptation strategies that may have been the driving force behind the 
further development and the emergence of the El Argar complex.
However, it must be noted that a complex social event cannot be 
explained by monocausal reasons and that, despite the obvious rela-
tionships, it is not our intention to formulate here a simple equation 
from climate to economy and demography to socio-cultural change.
Reinforcement, feedback and consequential effects are likely to 
have culminated in regional crises, up to a supra-regional scale. Such 
a supra-regional socio-ecological crisis can threaten social and en-
vironmental stability equally, and the resulting social pressures 
could have played an important role in the spread, acceleration and 
shaping of general transformations at the end of the 3rd millenni-
um BCE in the western Mediterranean and through far-reaching ef-
fects also on the development of contemporary societies in central 
and northern Europe. Potential crisis drivers whose role must be as-
sessed beyond external triggers and amplifiers such as drought or 
other abrupt climate deteriorations are social inequality, overexploi-
tation and competition for resources, demographic change due to 
increased mobility and possibly large population shifts, and violent 
conflicts.
Nevertheless, all these influences on the course of human histo-
ry are interrelated, which is one more reason not to lose sight of cli-
matic development. The investigation of the situation of the south-
ern Iberian Peninsula has shown on an overarching level that general 
trends converged at a certain point in time in the second half of the 
3rd millennium BCE, and influenced the trajectories of further devel-
opment in this area and beyond. In the further process of the investi-
gations, smaller-scale and more detailed analyses will now have to be 
carried out, which will make it possible to focus more strongly on lo-
cal characteristics. This will be the work of the next three years. How-
ever, it should already be noted that the close cooperation between 
the humanities and the natural sciences that we are striving for in our 
project, which goes beyond simple interdisciplinarity, opens up new 
perspectives and investigation possibilities with regard to human-
environment relations and their historical role.
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